Abstract. About 60% of primary energy is treated as waste heat but the temperature of this heat is low (200-300 0 C). Thermoacoustic engine convert heat energy into high amplitude sound waves, which is used to drive thermoacoustic refrigerator or pulse tube cryocoolers by replacing the mechanical piston such as compressors. The potential of thermoacoustic engine is high but because of heat loss the actual efficiency is not so high. The onset temperature difference, defined as the minimum temperature difference across the sides of the stack at which the dynamic pressure is generated. Lowering the critical onset temperature is a challenging task. The authors designed a multistage thermoacoustic engine which oscillates with relatively low critical onset temperature T H /T R . The influence of the position of honeycomb ceramics is also investigated in this study.
Introduction
There are energy crises around the world so there has been a demand to use more efficient energy. And making use of waste heat is one way to reduce the energy crises. Currently a heat of 100 0 C or less which is wasted each year in Japan is about 22.3 Peta Calorie ≒ 9.34×10 16 J. This amount is greater than the amount of geothermal energy produced in the year 2010 which was 2.3×1016 J [1] . It is possible to use this heat effectively which can be very important in the future.
Devices in which heat-sound interactions play an important role are known as thermoacoustic systems [2] . Generally, as described by Swift [3] and Ceperley [4] , etc., thermoacoustic engines are classified into the standing wave engine and travelling wave engine by leading phase φ. In the standing wave engine, gas parcels with φ = 90 0 convert heat to acoustic energy through irreversible thermal contacts between the working gas and the walls of the regenerator. Such engines have been constructed for coolers [5] . Standing wave type with the advantage to oscillate at smaller T H /T R , while travelling wave type has higher energy conversion efficiency [5] .
Amplification ratio of the acoustic work as shown in the figure 1, can be expressed as
In order to amplify the acoustic work two times in the one-stage engine as shown in the figure 2, it is necessary to make the oscillation temperature ratio T H /T R = 2. On the other hand for the two-stage engine as shown in the figure 3, in order to amplify the work two times the T H /T R is √2. Hence, increasing the number of stages lowers the critical temperature and the engine oscillates at low heat. Figure 2 and 3 shows the experimental apparatus used in the present study. We designed a loop type resonator, a total length of which is 3400 mm leading to an operating frequency of 100Hz, with air as a working fluid at atmospheric pressure. The stack or regenerator material, being the core of any thermoacoustic device, is a key factor in determining its performance and efficiency. There is a hot and ambient heat exchanger with an axial length of 30 mm at the end of each regenerator. It consists of parallel plates of 0.5 mm thickness arranged at a distance of 1 mm from each other. A heater of 500 W, 200 V with 1 mm thickness and 2.7 m length is wound around each heat exchanger. The hydraulic radius of the regenerator for engine 1 and 2 i.e., r 1 and r 2 is also one of the most important parameters for the thermoacoustic conversion. 
Experimental Methodology

Computation Methodology
We designed the thermoacoustic engine under this research theoretically by using one dimensional simulation which use the equations of continuity, equation of motion (Euler's equation), and energy equation to find the unknown parameters i.e. velocity, pressure, density and energy. As the unknown parameters are four and the equations are three, we used general gas law Pv =RT to close the equations. The governing equations are given as, 
Results
Onset Temperature
Increasing or decreasing distance between the stacks effect the onset temperature. Figure 6 shows the Figure 6 . Distance between the centres of the stacks. Figure 7 . Onset temperature at one-stage and two-stage engine.
effect of distance between the two stacks. Moreover the symmetry and asymmetry of the regenerator position also effects the onset temperature. Symmetric configuration of thermoacoustic engine simulates relatively at a very high temperature than asymmetric configuration [6] . For our experimental design the lowest onset temperature for two-stage engine was achieved at a distance of 1820 mm between the stacks which is about 52% of the total length. Increasing the number of stages decreases the onset temperature [7] . We investigated on 2 stage engine and find out that the onset temperature is lower than 1 stage engine as shown in figure 7 .
Acoustic Work
The acoustic work is roughly proportional to the square of the pressure amplitude. To enhance the thermoacoustic heat engine efficiency, higher power densities are needed, and hence a need to increase the acoustic pressure amplitudes. Nakamura et. al. [8] performed experiments on thermoacoustic engine at the same conditions for the acoustic work flux and the experimental data is plotted in figure 8 . Using this experimental data we performed the simulations for two stage engine. From Fig. 9 and 10 it can be seen that the predicted pressure and velocity amplitudes for two-stage engine are in correspondence with the experimental results. As the pressure and velocity amplitudes are larger in case of two stage engine hence it results in high acoustic power for two-stage thermoacoustic engine. Comparing one-stage and two-stage engines, acoustic work generated by two-stage engine was increased approximately five times than the one-stage engine.
Ideal Conditions
The efficiency of the single stage prime mover is higher than the efficiency of the double stage prime mover. The double stage prime mover can convert a much higher input power because of its lower operating temperature so a higher output power can be realized. This increases the engines power density tremendously which is required in large scale thermoacoustic systems. The ideal conditions based on priority either Lower T H /T R or Higher efficiency are given in table 1. Several adjustments are recommended to the design to ensure a higher overall efficiency:
• To eliminate the presence of a standing wave a regenerator with a smaller hydraulic radius can be selected, or the systems base frequency can be lowered.
• More fins have to be implemented in the cold heat exchanger providing better conduction between the cooling water tubes and the regenerator.
• A regenerator tube with a lower thermal conductivity can be selected
Summary
Thermoacoustic heat engine converts heat into acoustic power with no moving parts. It exhibits several advantages over traditional engines, such as simple design, stable functionality, and environment-friendly working gas. In the present study we used two-stage loop type thermoacoustic engine and the onset temperature was reduced by 120 0 C than that of the one-stage engine. Also from the experiments on two-stage engine it was found that there is a tendency to genearate a lot of acoustic work than one-stage engine. Comparing one-stage and two-stage engines, acoustic work generated by two-stage engine was increased approximately five times than the one-stage engine. In order to oscillate the engine the position of the regenerators must be assymetric. In this research, the optimum distance between the centers of the two stakes is found to be 1820 mm which is 52% of the total length L. The ideal conditions based on either higher efficiency or lower T H /T R were investigated.
